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Introduction 


This  report  summarizes  the  work  conducted  und;r  contract  So.  N000lU8k- 
WR2k060  for  the  period  Oct.  I  ,1983  to  Oct.  1,  198k  under  the  sponsership 
of  the  Office  of  Naval  Research,  Code  k32P  (Dr.  R.  S.  Miller).  The  task 
is  to  provide  prompt  structural  characterization  of  new  energetic  compounds, 
or  their  synthetic  precursors,  developed  in  the  ONR  energetics  materials 
synthesis  program.  The  results  of  the  investigations  also  provide  structural 
parameters  for  energetic  groups  used  to  model  hypothetical  target  compounds 
by  methods  of  conformational  energy  analysis  and  quantum  chemistry.  Thi3 
work  is  a  continuation  of  previous  work.  Results  of  the  examination  of 
twelve  energetic  materials  and  precursors  are  included. 

a)  Tetranitrobishomocubane 

This  polynitro  cage  compound  was  provided  by  A.  P.  Marchand  and 
D.  S.  Reddy  of  North  Texas  State  University.  The  material  crystallized 
in  the  monoclinic  space  group  Pc,  a  *  7.75l(l)A,  b  •  11.500(2)  ,  c  * 
lU.277(2)A,  and  0  =  108.63(3)*.  The  calculated  density  is  1.717  Mg  mm~3. 

In  Fig.  (l)  the  two  molecules  in  the  asymmetric  unit  are  shown.  The  primary 
difference  between  the  two  molecules  i3  the  orientation  of  NOg  groups;  cor¬ 
responding  C-C-N-0  and  0-N-C-N  torsion  angles  have  values  that  differ  from 
one  molecule  to  the  other  by  amounts  ranging  from  8  to  30*.  Bond  distances 
and  angles  are  given  in  Table  (l).  The  primed  molecule  in  Fig.  (l)  corres¬ 
ponds  to  Molecule  2  in  Table  (l). 

There  are  no  unusual  intermolecular  contacts  and  no  hydrogen  bonds, 
nearest  conacts  are  0(2) f — H(3)  «*  2.U88(33)A  and  0(6)— H(3)'  =  2.673(3l)A. 

The  molecrles  pack  with  the  oxygens  of  Molecule  1  opposing  those  of  Molecule  2 
Nearest  0  0  approaches  are  in  the  range  of  2.8U  to  3  -6A  for  each  of 
the  oxygen  atoms  in  the  asymmetric  unit. 


b)  2,6-Diamiro-3,5-dinitro-l,4-pyrazine  (ANPZ) 

This  compound  is  a  very  stable  di-aza  analog  of  1,3,5-triamino- 
2, U, 6-trinitrobenzene  (TATB)  and  was  provided  by  C.  L.  Coon  of  Lawrence 
Livermore  Laboratories.  The  material  crystallized  in  the  monoclinic 
space  group  P2]_/ct  a  *  9«030{l)A,  b  »  12.977(l)A,  c  =  6.U05 Cl)A , 

8  *>  100.76(1)*.  The  calculated  density  is  1.803  Mg  ma“3.  The  molecule 
is  shown  in  Fig.  (2)  and  bond  distances,  bond  angles,  and  selected  torsion 
angles  are  given  in  Table  (2)  and  (3).  The  molecules  of  ANPZ  are  essentially 
planar  with  a  maximum  deviation  from  a  least  squares  plane  through  all 
atoms  of  0.07(l)A.  The  atom  planes  are  coincident  with  the  crystal¬ 
lographic  Z  =»  1 A  and  3 A  planes  with  an  unusually  close  interplanar 
spacing  of  3.1U6A. 

The  graphite-like  layers  which  have  been  observed  in  the  crystal 
structures  of  both  ANPZ  &  TAT3  are  held  together  within  each  layer  by 
intermolecular  hydrogen  bonds,  and  ANPZ,  like  TATB,  decomposes  before 
melting  at  temperatures  greater  than  300*C.  It  i3  also  insoluble  in  most 
common  solvents.  In  Fig.  (3),  which  illustrates  the  hydrogen  bonding,  two 
of  the  hvdrogen  bonds  are  bifurcated;  i.e.,  these  two  hydrogen  atoms  each 
participate  in  one  intra-  and  one  intermolecular  H-bond.  The  other  two 
hydrogen  bonds  are  intermolecular  with  one  being  long  (0— H  *  2A9A). 

While  ANPZ  has  2  fewer  intermolecular  H^-bonds  and  a  lower  density  than 
TATB,  its  similar  thermal  and  solubility  properties  suggest  that  dipole/ 
dipole  and  dipole/induced  dipole  interactions  between  layers  may  be 
important  in  explaining  the  extreme  stability  of  thi3  class  of  materials. 


1* 


Fig.  (3) 


Crystal  packing  for  ANPZ  illustrating 
Intermolecular  hydrogen  bonding 
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c)  4 , 4 , 8 , 8-Tet  ranit  rob icy  c looct  ane . 

This  polynit roaliphatic  compound  was  synthesised  by  K.  Baum  of 
Fluorochem,  Inc.,  Azusa,  California.  The  compound  crystallised  in  the 
nonoclinic  space  group  P2]_  with  a  »  9 *631(1)4,  b  *  11.539(2)A, 
c  «  10.2C5(l)A,  and  3  »105.3l(l)*.  The  calculated  density  is  1.786 
Mg  nm“3.  There  are  two  chemically  identical  but  crystallographically 
distinct  molecules  in  the  asymmetric  unit;  bond  distances  and  angles  for 
both  ,are  given  in  Table  (4).  Molecule  1  is  shown  in  Fig.  (4).  Molecule  2 
is  similar  i:.  conformation,  but  exhibits  a  ring-pucker  disorder.  In  approx. 
30%  of  the  unit  cells,  ring  atom  C(3)'  takes  an  alternate  position,  C(3)"° 
The  dihedral  angle  between  the  0(2) '-C(3) ’-0(4)  '  and  the  0(2) '-C(3)"-0(U )' 
planes  is  68*.  The  nitro  groups  bonded  to  C(4)'  also  occupy  alternate 
positions.  Torsion  angle  0(la)  'fN(l)  ’-0(4)  *  — C ( 5 )  '  ■  23*,  while  0(la)"-^I(l),,- 
C(4)'-C(5)'  *  35*  for  the  lower  occupancy  position.  The  relative  orienta¬ 
tion  of  the  disordered  nitro  groups  also  changes,  with  the  torsion  angles 
0(la)’-rr(l)'-C(U)'-N(2) '  144.1  and  0(la)'t-H(l)tt-C(4)  '-5(2: "  »  92.1*., 

There  are  no  unusual  ir.termolecular  contacts;  nearest  contacts  are 
0(lb)'--H(7b)  =*  2.50A  ,  0(2b)~ H(3a)'  *  2.5oA,  and  0(2b)  K(5) '  * 

2.6UA,  The  nearest  nonhydrogen  contact  is  0(2b) '"“0(la) '  *  2.73A. 
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d)  2,3,^-Trinitropyrrole 


This  polynitroheterocyclic  compound  was  provided  by  J.  C.  Hinshaw 
of  Morton  Thiokol.  This  compound  crystallized  in  the  orthorhombic  space 
group  ?ca2]_  with  a  *  10.1I3(3)A,  b  *  9»686(2)A,  and  c  *  lU.767(3)A. 

The  calculated  density  is  I.856  Mg  mm“2.  One  of  the  two  molecules  in  the 
asymmetric  unit  is  3hown  in  Fig.  (5),  and  bond  distances  and  angles  are  given 
in  Table  (5).  In  the  crystal  the  ring  nitrogen  is  in  position  1  in  both 
molecules  of  the  asymmetric  unit.  Interchange  of  the  C  and  5  atoms  between 
the  chemically  equivalent  ring  positions  1  and  ?,  however,  affects  the 
residual  only  modestly.  Table  (5)  gives  the  bond  distances  and  angles  of 
each  of  the  two  molecules  in  the  asymmetric  unit  as  well  as  the  average. 

The  two  molecules  are  observed  to  have  a  range  of  values  for  the  Individual 
bond  distances  and  angles  and  large  standard  deviations  while  the  average 
of  the  two  is  closer  to  the  distances  and  angles  normally  expected, 
indicating  a  disorder  with  respect  to  the  ring  nitrogen  site.  The  ;/rr ole 
ring  is  planar  and  the  2  and  4  nitro  groups  are  very  nearly  coplanar  with 
the  ring  while  the  plane  of  the  3-nitro  group  is  perpendicular  tothe 
ring. 

There  are  no  unusual  iatermolecular  contacts,  nearest  contacts  are 
H(l)—  0(83)'  -  2.3W  and  H( l) —  0(7B) ’  *  2>2A. 
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e)  l,3,5-Trinitroso-l,3,5-triazacyclohexane 

Crystals  of  this  material,  commonly  known  as  R-salt,  vers  supplied 
by  J.  Boyer  of  the  University  of  Illinois  at  Chicago.  The  observed  space  group 
is  P2L/c,  with  a  =  9.06o(l)A,  b  *  6.236(l)A,  c  =»  12.874(2)A,  and  8  *92.1*7(1)*. 
The  calculated  density  is  1.573  Mg  mn“3.  Bond  distances  and  angles  are  given 
in  Table  (6)  with  the  molecular  geometry  shown  in  Fig.  (6).  Not  shown  in 
the  figure  are  the  disordered  atoms.’  There  i3  a  multiple  disorder  of  the 
nitroso  group  at  N(5)  and  indications  of  a  disorder  of  the  nitroso  group  at 
N(l).  The  occupation  percentages  of  the  nitroso  group  at  N(5)  and  its  two 
disordered  positions,  N(ll)-0(ll),  N(llA)-0(llA) ,  and  N(llB)-0(llB) ,  are 
1*7 %,  28%  and  2U%,  respectively.  In  both  major  and  minor  forms  of  R-salt,  the 
nitroso  groups  are  all  on  one  side  of  the  chair  shaped  hexane  ring.  Aza 
nitrogens  within  the  ring  are  pyramidal  with  the  N-N  vector  making  an  angle 
in  the  range  of  3.5  to  13.5*  with  the  plane  through  the  aza  nitrogen  and 
its  two  neighboring  ring  carbons  except  for  the  N(llA)-N(5)  vector  which 
is  calculated  at  -2*  with  respect  to  the  C C 6 ) — N ( 5 ) — C ( U )  plane. 

There  are  no  intermolecular  contacts,  nearest  contacts  are  0(l2B) — H(UA, 
0(12)— H(Ua)  '  =  2.55A,  and  0(l0)— H(6a)  *  2.56A. 

This  material  was  also  observed  to  c.ystallize  in  the  trigonal  space 
group  R3  when  grown  from  CClt*  or  CHCI3,  a  *  c  *  36.31*0 A,  c  *  6.O89A, 

7  a  120*.  The  solvent  which  is  disc  'dered  occupies  a  channel  along  the  3  axis. 
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f )  3 , 3-3 is { methylnit roaminomethy 1 ) oxetane 

Interest  in  this  compound  stems  from  its  potential  use  as  a  monomer 
precursor  in  producing  energetic-  polymers  or  copolymers.  Crystals  of  the 
monomer  were  provided  by  G.  Manser  of  Morton  Thiokol  .  The  space  group 
is  monoclinic,  P2]_/c,  vith  unit  cell  a  *  lU,106(U)A,  b  ■  6.472(2)A, 
c  *  11.963(3)A,  and  8  a99.50(l)*,  and  a  calculated  density  of  l.M»U 
Mg  mm "3.  Bond  distances  and  angles  are  given  in  Table  (7).  Fig.  (7)  shows 
the  molecular  geometry  and  gives  the  numbering  scheme.  Table  (7)  also 
includes  a  selected  set  of  torsion  angles  defining  the  geometry  of  the 
methylnitroaminomethyl  arms.  In  this  molecule  the  oxetane  ring  i3  puckered 
such  that  the  dihedral  angle  between  C(2)-C(3)-C(*0  and  the  C(2)-0(l)-C(l) 
planes  is  20.6*.  Bonding  for  nitrogens  tf(7)  and  Sf(l2)  is  pyramidal  with 
the  2f— If  vector  making  an  angle  of  22.6  and  13.6*  with  the  N-C-C  plane 
including  the  two  methyl  carbons. 

Intermolecular  contacts  are  at  normal  van  der  Waals  seperation3. 
nearest  contacts  are  0(l6) — H(2B) '  *  2.U1A,  0(15)""’H(6b) '  *  2.63A, 
0(1)”“H(5B)'  »  2.6UA,  and  H(l3A)~  H(UA) !  »  2.5SA. 
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g)  2,3-3i3(nitratpmethyl5oxetane 

This  energetic  monomer,  provided  by  G.  Manser  of  Morten  Thiokol, 
crystallises  in  the  space  group  C2/c  vith  a  *  15.120(4),  b  *  6.153(1), 
c  ■  12. 953 W A,  and  S  ■■132.76(2)*.  The  calculated  density  is  1.556 
Mg  ma"3.  bond  distances,  angles,  and  a  selected  set  of  torsion  angles 

are  given  in  Table  (8).  Pig.  (3),  dravn  from  experimental  coordinates, 
gives  the  atom  numbering  3y3tem.  The  molecule  has  Cp  symmetry  about  the 
cross  ring  0(l)"“C(3)  axis  (coincident  vith  the  lb  crystal  axis)  so  that 
only  the  unprimed  atoms  in  Fig.  (3)  are  independent.  In  this  molecule 
the  oxetane  ring  is  planar.  Orientation  of  the  nitratomethyl  arm  vith 
respect  to  the  oxetane  ring  is  defined  by  the  torsion  angles  given  in 
Table  (8)  as  is  the  orientation  of  the  nitrato  group. 

Inter-molecular  contacts  are  at  normal  van  der  Waals  separations. 
Nearest  contacts  are  H(4a)““0(3)  '  »  2.68A,  H(23) — 0(7)'  *  2.71A  and 
0(8)  H(l*3)  '  »  2.T2A. 
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h )  3-Methoxy-2  ,l*-dinitro-2 ,  !t-diazapentane 

This  compound  vas  provided  by  H.  Adolph  of  KSVC.  The  material 
crystallized  in  the  monoclinic  space  group  P^/c-,  a  »  7.961*(l),  b.  ■  8.320(1), 
c  »  1U.76T(2)A,  and  3  »119.73(l)*.  The  calculated  density  is  1.513 
Mg  3Zb“3.  3ond  distances,  angles,  and  torsion  angles  are  given  in  Table  (9), 
and  the  atom  numbering  i3  given  in  Fig.  (9)*  ■  In  this  compound  the  amino  nitro¬ 
gens  are  nearly  planar.  The  H— W,  vector  makes  an  angle  of  1.0*  at  H(2) 
with  the  C(l)-N(2)-C(3)  plane  and  8.5*  at  S(U)  with  the  C(5)-N(4)-C(3) 
plane. 

There  are  no  unusual  inter-molecular  contacts  in  this  molecule. 

Nearest  approaches  are  H(1A)”H(1A)  '  *  2.!*l(l*)A,  0(63)~K(9A)  '  * 

2.57(3)A,  0(7A)— H(9A)’  *  2.60(3)A  and  H(?c)“0.(6b)  '  »  2.6U(3)A. 

i)  Tribenzyltriazawurtzitane 

This  cage  compound  was  provided  by  A.  Nielson,  China  lake.  It  is 
a  possible  precursor  oi  the  hypothetical  target  compound  hexa-azahexani- 
trowurtzitane;  the  target  compound  is  a  higher  mol.  vt.  analog  of  RDX 
which  i3  predicted  to  be  5-10*  denser  than  RDX.  The  precursor  material 
crystallized  in  the  aonoclinic  space  group  P2]_/c,  with  a  *  10.968(1),  b  = 
11.965(1),  c  *  l8.357(2)A,  and  3  *  95*77(l)*.  The  calculated  density 
is  1.175  Mg  mm“3.  Bond  distances  and  angles  are  given  in  Table  (10).  The 
crystal  is  disordered  (contains  two  conformations  of  the  molecule).  The 
major  ccnformer  (703  occupancy)  is  shown  in  Fig.  (10).  In  the  minor 
conformer,  benzyl  ring  C  is  rotated  to  an  alternate  position,  C*  (30?* 
occupancy).  In  this  compound  the  aza  nitrogens  are  pyramidal  with  an 
average  angle  between  the  tl-aethylene  carbon  vector  and  the  C-N-C  ring 
plane  of  40.3*j  this  is  essentially  tetrahedral  (sp3)  geometry. 
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3-Mothoxy-2,4-dinitro-2,4-diazapentane 

d  =  1.518 


i  8 


Tribenzyltrlazawurtzltane 


d  =  1.175 


J )  3-Cyano-4  ,4  ,5 ,5-tetramethylisoxazoline-N-oxide 

Crystals  of  this  material  were  provided  by  J.  Boyer  of  the  Uni¬ 
versity  of  Illinois  at  Chicago.  This  compound  was  synthesized  from  a 
starting  material  which  contained  a  cyclopropane  ring  (an  energetic  moie¬ 
ty).  During  tho  nitration  reaction,  the  three-membered  ring  opens,  and  a 
five-membered  ring  forms,  incorporating  two  atoms  of  the  nitro  group. 

The  compound  crystallizes  in  the  orthorhombic  space  group  Pna2^ , 
a  *  10.283(3),  ,b  ■  12.389(4),  and  c  *  7.262(3)A.  The  calculated  den¬ 
sity  is  1.207  Mg  mm“3.  Bond  distances  and  angles  are  given  in  Table  (ll) 
and  the  molecular  geometry  is  illustrated  in  Fig.  (ll).  The  ring  geometry 
is  described  by  torsion  angles  0(l)-N(2)-N(3)-C(4)  *  3.4(15)*,  C(5)-C(4)- 
C(3)-N(2)  *  -20.6(1.3)*,  and  C(3)-N(2)-0(l)-C(5)  *  l6. 1(1.4)*. 

Intermolecular  contacts  at  normal  van  der  Waals  separations.  Nearest 
contacts  are  0(6) — H(7A) '  =  2.69A. 
k)  5-Aza-6-methoxyuracil 

Samples  of  this  material  were  provided  by  C.  Coon  of  Lawrence 
Livermore  Laboratory.  The  maoerial  crystallized  in  the  monoclinic  spaca 
group  P2i/c,  a  =>  9.994(5)A.  b  =  4.3l6(l)A,  c  =  15.89l(8)A, 

and  6  *  115.4(3)*.  The  calculated  density  is  1.557  Mg  mm~3.  Bond  distances 

and  angles  are  given  in  Table  (12)  and  the  molecular  geometry  is  shown  in 
Fig.  (12).  The  puckered  triaza  ring  geometry  is  described  by  the  selected 
list  of  torsion  angles  given  in  Table  (12). 

In  this  material  each  of  the  nitrogens  participate  in  an  intermolecular 
hydrogen  bond;  N(l).  acts  as  a  donor  to  0(6)',  (l-x,y-.5,.5-z) ,  N(3.)  is  a 
donor  to  0(2)',  (l-x,-y,-z),  and  N(5)  is  a  donor  to  0(4)',  (-x,y-.5.  5-z) 

The  respective  H — o',  N — o'  distances  and  N-H — 0  angle  are;  2.08A,  °-.82A, 
and  145.2*,  2.02A,  2.86A,  and  166.3*,  and  2.01A,  2.8lA,  and  157.2*.  . 
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l)  3-(4-amino-l,2,5-triazolo)-JI,-methoxy-trieh2<-  ,-cacetamidine 

Crystals  of  this  material,  provided  by  C.  Coen  of  Lawrence 
Livermore  Laboratory,  formed  in  the  nonoclinic  space  group  P2]_/c,  a  * 
9.287(1)A,  b  «  9.U93(1)A,  c  *  13.208(2)A,  and  3  »108.47(l)‘ 
with  a  calculated  density  of  I.U9U  Mg  nr. '3.  Bond  distances  and  angles 
are  given  in  Table  (13)  as  well  as  a  selected  set  of  torsion  angles. 
Fig.  (13)  shows  the  molecular  geometry  and  the  atom  numbering.  In  this 
compound  the  furazan  ring  is  planar.  Orientation  of  the  methoxy  and 
trichloracetamidine  groups  are  described  by  the  torsion  angles  given 
in  Table  (13). 

There  are  no  unusual  intermolecular  contacts,  nearest  contacts  are 
H(2)— 3(6)'  ■  2.30A,  H(12B)— 3(5)'  -  2.37A,  and  H(12A)~ N(8) '  »  2.$0A. 
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Appendix  A 


Table  (l)  ,  3ond  distances  (A)  and  angles  (deg.)  for  Tetra 
nitrobishomocubane  with  e.s.d.'s  in  parenthesi 


Molecule  1 

Molecule  2 

C(l)-C(4) 

1. 565(1*) 

1.564(4) 

C(l)-0(6) 

1.529(1*) 

1.529(4) 

C(l)-C(9) 

1.501(1*) 

1.516(4) 

C(2)-C(3) 

1.51*9(1*) 

1.552(4) 

C(2)-C(7) 

1.51*9(1*) 

1.554(4) 

C(2)-C(9) 

1.51*1(3) 

1.524(4) 

C(3)-C(4) 

1.558(1*) 

1.561(4) 

C(3)-C(10) 

1.527(3) 

1.519(3) 

C(U)-C(5) 

1.569(1*) 

1.571(4) 

C(5)-C (6) 

1.51*9(5) 

1.547(4) 

C(5)-C(8) 

1.51*1(5) 

1.535(5) 

C(6)-C(7) 

1.562(1*) 

1.569(4) 

C(7)-C(8) 

1.565(1*) 

1.566(4) 

C(8)-C(l0) 

1.505(1*) 

1.504(4) 

C(9)-N(l) 

1.520(1*) 

1.517(4) 

C(9)-W(2) 

1.522(1*) 

1.521(4) 

C(10)-N(3) 

1.51i*(*») 

1.534(4) 

C(10)-N(U) 

1.526(10 

1.513(4) 

H(l)-0(l) 

1.204(1*) 

1.196(5) 

S(l)-0(2) 

1.193(4) 

1.202(5) 

H(2)-0(3) 

1.196(4) 

1.188(5) 

5(2)-0(U) 

1.208(3) 

1.175(4) 

»(3)-0(5) 

1.203(4) 

1.181(4) 

3(3)-0(6) 

1.214(4) 

1.187(4) 

N(U)-0(7) 

1.202(4) 

1.202(4) 

lt(4)-0(8) 

1.204(4) 

1.206(4) 

Bond  angles 

C(4)-C(l)-C<6) 

87.7(2) 

87.5(2) 

C(U)-C(1)-C(9) 

103.3(2) 

104.6(2) 

C(6)-C(l)-C(9) 

105.6(3) 

104.8(3) 

C(3)-C(2)-C(7) 

99.7(2) 

99.9(2) 

C(3)-C(2)-C(9) 

100.0(2) 

101.4(2) 

C(7)-C(2)-C(9) 

104.2(2) 

104.6(2) 

C(2)-C(3)-C(4) 

100.2(2) 

100.0(2) 

C(2)-C(3)-C(10) 

103.5(2) 

102.3(2) 

C(4)-C(3)-C(lO) 

102.1(2) 

102.5(2) 

C(l)-C(4)-C(3) 

105.2(2) 

104.9(2) 

C(l)-C(4)-C(5) 

89.8(2) 

90.2(2) 

C(3)-C(4)-C(5) 

103.7(2) 

103.4(2) 

C(U)-C(5)-C(6) 

86.9(2) 

86.6(2) 

C(4)-C(5)-C(3) 

103.0(2) 

103.8(2) 

Molecule  1 

Molecule  2 

c(l)-c(6)-c(5) , 

91.9(2) 

92.4(2) 

C(I)-C(6)-C(7) 

103.8(2) 

104.1(2) 

C(5)-C(6)-C(7) 

87.0(2) 

86.7(2) 

C(2)-C(7)-C(6) 

103.9(2) 

102.9(2) 

C(2)-C(7)-C(8) 

105.5(2) 

105.7(2) 

C(6)-C(7)-C(8) 

90.5(2) 

90.3(2) 

C(5)-C(8)-C(T) 

87.2(2) 

87.3(2) 

C(5)-C(8)-C(l0) 

103.6(2) 

103.6(2) 

C(7)-C(8)-C(10) 

106.1(2) 

104.7(2) 

C(l)-C(9)-C(2) 

98.1(2) 

97.7(2) 

C(l)-C(9)-B(l) 

113. M3) 

115.4(3) 

C(l)-C(9)-N(2) 

113.3(2) 

111.2(2) 

C(2)-C(9)-N(l) 

112.3(2) 

112.0(2) 

C(2)-C(9)-N(2) 

115.1(2) 

114.8(3) 

N(l)-C(9)-N(2) 

104.9(2) 

106.0(2) 

C(3)-C(10)-C(8) 

97.8(2) 

99.0(2) 

C(3)-C(10)-N(3) 

112.4(2) 

113.2(2) 

C(3)-C(l0)-N(4) 

114.2(2) 

111.6(2) 

C(8)-C(lO)-n(3) 

112.7(2) 

112.8(2) 

c(8)-c(io)-n(U) 

115.5(3)  , 

115.7(2) 

N(3)-C(10)-N(U) 

104.6(2) 

105.0(2) 

0(1)-N(1)-C(9) 

117.1(3) 

117.3(3) 

0(2)-N(l)-C(9) 

117.7(3) 

116.2(3) 

0(l)-H(l)-0(2) 

125.3(3) 

126.5(3) 

0(3)-N(2)-C(9) 

116.0(2) 

118.2(2) 

0(U)-H(2)-C(9) 

118.5(3) 

117.7(3) 

0(3)-N(2)-0(U) 

125.4(3) 

123.6(3) 

0(5)-N(3)-C(l0) 

118.7(2) 

118.2(2) 

o(6)-rr(3)-c(io) 

116.8(3) 

116.3(3) 

0(5)-N(3)-0(6) 

124.5(3) 

125.4(3) 

0(7)-N(U)-C(lO) 

117.8(3) 

116.9(3) 

0(3)-S(U)-C(10) 

116.1(2) 

117.6(2) 

0(7 )-N(4)-0(8) 

126.1(3) 

125.3(3) 

A2 


ANPZ 

Table  2.  8ond  Lengths  and  Corrections  for  Libratfon*  (A). 
8ond  uncorrected  corrected 


N(l)  -  C( ?) 

1.334(3) 

1.337 

N(l)  -  C{6) 

1  .336(3) 

1.340 

C(2)  -  C(3) 

1.438(3) 

1.444 

C(5)  -  C(6) 

1.439(3) 

1.445 

C(2)  -  N(7) 

1.319(3) 

1.323 

C(6)  -  N( 10) 

1.326(3) 

1 .329 

C(3)  -  N(4) 

1.305(3) 

1.309 

C(5)  -  N(4) 

1.311(3) 

1.314 

C(3)  -  N(8) 

1.458(3) 

1.462 

C(5)  -  N(9) 

1.441(3) 

1.445 

N(8)  -  0(11) 

1.217(3) 

1 .247** 

N(9)  -  0(14) 

1  .233(2) 

1 .264** 

N(8)  -  0(12) 

1.216(2) 

1.247** 

»(9)  -  0(13) 

1  .222(2) 

1 .253** 

N(7)  -  H7A 

N(IO)-  H7B 

0.82(3) 

0.78(3) 

N(7)  -  H10A 
N(10)-  H10B 

0.89(3) 

0.80(3) 

Hydrogen  bonds 

-  Intermolecular 

N(10) ..0(13)' 
N(10)  ..0(12) 1 

N( 7) .  .0(14)’ 
N{7)...0(12)" 

2.902(3) 

2.986(3) 

2.909(3) 

3.221(3) 

HIOA. .0(13) ’ 

HIOB, .0(12)' 
H7A...0(14)’ 
H78...Q(12)" 

2.02(3) 

2.32(3) 

2.32(3) 

2.49(3) 

Intramolecular 

N(10)  ..0(14) 

N(7) _ 0(11) 

2,652(3) 

2.673(3) 

H10B.  .0(14) 

H7A. ..0(11) 

2.06(3) 

2.10(3) 

*  The  nitro  oxygens  did  not  fit  an  overall  rigid-body  model  and 
their  thermal  factors  were  excluded  Prom  the  1 ibration/translati 
tensor  determination.  The  method  of  Schomaker  i  Trueblood  (1963) 
was  used. 

**  Nitro  distances  corrected  by  assuming  riding-motion  correlation 
approximation  (Johnson ,1970). 


ANPZ 

Table  3.  Bond  Angles  (degrees).  All  unstated  estimated  standard 

deviations  are  0.2*.  Values  In  left  and  right  columns  are 
related  by  non-crystal  log raphic  molecular  symmetry. 


C(2)C(3)N(4) 

122.1 

H( 4) C( 3) N( 8) 

115.3 

C(2)C(3)N(8) 

122.6 

H(1)C(2)N(7) 

116.8 

C(3)C(2)N(7) 

124.7 

N(1)C(2)C(3) 

118.5 

0(12)N(8)0(11) 

122.3 

0(12)N(8)C(3) 

119.3  : 

0(11 )N(8)C(3) 

118.4 

C(2)N(1)C(6)) 

120.4 

C(3)N(4)C(5) 

118.7 

Hydrogen  Bond  Angles 

Intermol ecular 

N(10)H(10A)013' 

174(2) 

N(10)H(10B)012' 

141(2) 

N( 7 )H(7A)014* 

129(2) 

|f(7)H(7B)012" 

156(3) 

C(6)C(5)N(4)  121.9 
N(4)C(5)N(9)  115.6 
C(6)C(5)N(9)  122.5 
8(1)C(6)N(10)  116.8 
C(5)C(6)N(10)  124.8 
N(1)C(6)C(5)  118.4 
0(13)H(9)0(14)  121.9 
0(13)N(9)C(5)  120.1 
0(14)N(9)C(5)  118.0 


Intramolecular 
N(10)H(10B)0(14)  130(2) 

N(7)H(7A)0(11)  127(2) 


A4 


Jt  -  *rjr  *  J*.  'Jf  •  •  *3 


Table  (4).  Bond  distances  (A)  and  valence  angles  (deg.)  for 

tetranitrobicylooctane  with  e.3.d.'s  in  parentheses 


Disorder 


3ond  Distances  (A) 

Molecule  1 

Molecule  2 

(Molecule  2) 

C(l)-0(2) 

1.1*23(1*) 

1.427(4) 

0(2)-C(3)  . 

1.1*13(1*) 

1.438(7) 

1.360(17) 

C(3)-C(4) 

1.523(5) 

1.538(6) 

1.573(14) 

C(U)-C(5) 

1.520(6) 

1.541(5) 

C(5)-C(l) 

1.52U(U) 

1.518(4) 

_  . 

C(5)-0(6) 

1.1*30(1*) 

1.426(4) 

0(6)-c(7) 

1.1*20(5) 

1.437(4) 

C(7)-C(8) 

1.521(1*) 

1.516(5) 

— 

C(8)-C(l) 

1.529(5) 

1.522(5) 

•» 

C(4)-N(l) 

1.508(5) 

1.500(7) 

1.563(13) 

C(U)-»(2) 

1.518(1*) 

1.481(6) 

1.485(13) 

C(8)-S(3) 

1.522(5) 

1.514(5) 

mm 

C(8)-S(4) 

1.505(5) 

1.504(4) 

— 

N(1)-0(1A) 

1.215(1*) 

1.195(8) 

1.188(16) 

S(l)-0(lB) 

1.207(5) 

1.192(11) 

1.220(30) 

D(2)-0(2A) 

1.207(3) 

1.215(7) 

1.170(16) 

3(2)-0(23) 

■  1.212(5) 

1.215(9) 

1.209(17) 

H(3)-0(3A) 

1.210(5) 

1.199(5) 

I»(3)-0:3P) 

1.215(5) 

1.196(6) 

• 

S(U)-0(Ua) 

1.204(5) 

1.216(5) 

S(4)-0(4b) 

1.210(5) 

1.192(6) 

Bond  Angles  (deg.) 

0(2)-C(l)-C(p) 

107.3(2) 

107.3(3) 

C(5)-C(l)-C(8) 

103.1(3) 

103.1(3) 

0(2)-C(l)-C(8) 

109.4(3) 

109.2(3) 

C(l)-0(2)-C(3) 

111.5(3) 

110.9(3) 

• 

0(2)-C(3)-C(U) 

104.5(3) 

103.0(4) 

104.9(10) 

C(3)-C(4)-C(5) 

104.2(3) 

102.5(3) 

102.0(7) 

C(l)-C(5)-C(4) 

103.2(3) 

103.3(2) 

G  ( 1 )  — C  ( 5 )  —0  ( 6 ) 

107.3(3) 

107.7(3)  , ' 

«• 

C(U)-C(5)-0(6) 

109.3(2) 

109.7(3) 

mm 

C(5)-0(6)-c(7) 

111.1(3) 

110.1(2) 

mm 

0(6)-C(7)-C(3 ) 

104.4(3) 

103.9(3) 

» 

C(l)-C(8)-C(7) 

103.9(3) 

103.7(3) 

mm 

C(3)-C(U)-S(1) 

109.9(3) 

103.9(4) 

107.8(3) 

C(3)-C(U)-S(2) 

114.3(3) 

116.3(4) 

113.7(8) 

C(5)-C(U)-jf(i) 

111.4(3) 

113.6(4) 

109.9(5) 

C(5)-C(U)-N(2) 

110.3(3) 

111.0(3) 

116.4(6) 

N(l)-C(l»)-.:(2) 

105.3(3) 

105.014) 

106,3(7) 

C ( 1 ) — C ( 9 ) — N (3 ) 

110.1(3) 

111.4(3) 

c(i)-c(8)-jr(U) 

112.1(3) 

111.1(3) 

C  ( 7 )  — C  ( 8 )  — N  ( 3 ) 

110.4(3) 

110.3(3) 

C(7)-C(8)-S(4) 

114.7(3) 

114.2(3) 

mm 

5(3)-C(3)-!l(U) 

105.7(3) 

106.1(3) 

mm 

c(4)-n(i)-o(ia) 

114.4(3) 

115.8(5) 

117.6(12) 

A5 


C(4)-S(l)-0(lB) 

118.7(3) 

117.8(8) 

115.4(18) 

0(1A)-N(l)-0(1B) 

126.7(4) 

126.2(9) 

126.9(20) 

C(4)-B(2)-0(2A) 

117.9(3) 

116.9(5) 

112.9(14) 

C(U)-H(2)-0(2B) 

115.9(3) 

120.2(5) 

112.1(10) 

0(2A),-S(2)-0(2B) 

126.1(3) 

122.9(6) 

134.8(17) 

C(8)-S(3)-0(3A) 

118.7(3) 

116.9(3) 

• 

C(8)-N(3)-0(3B) 

115.1(3) 

117.1(4) 

• 

0(3A)-N{3)-0(3B) 

126.2(4) 

126.0(4) 

— 

,c(8)-n(U)-o(Ua) 

117.1(3) 

115.1(4) 

- 

C(8)-H(4)-0(4b) 

116.5(3) 

118.4(3) 

— 

o(4a)-h(4)-o(4b) 

126.4(4) 

126.4(4) 

- 

Table  (5).  Bond 

distances  (A)  and  valence  angles  (deg.)  for 

2,3,4-trinitropyrrole  with 

e.s.d.'s  In  parentheses 

Bond  Distance  (A) 

Molecule  (l) 

Molecule  (2) 

Average 

N(l)-C(2) 

1.360(9) 

1.386(10) 

1.373 

C(2)-C(3) 

1.367(9) 

1.383(9) 

1.375 

C(3)-C(4) 

1.379(9) 

1.423(10) 

1.401 

C(U)-C(5) 

1.393(10) 

1.351(11) 

1.372 

C(5)-IT(1) 

1.351(10) 

1.339(10) 

1.345 

C(2)-H(6) 

1.378(9) 

1.434(9) 

1.4o6 

C(3)-fl(7) 

1.429(9) 

1.461(8) 

1.445 

C(4)-W(8) 

1.429(9) 

1.430(9) 

1.430 

H(6)-0(6a) 

1.198(8) 

1.238(8) 

1.218 

h(6)-o(6b) 

1.265(8) 

1.148(8) 

1.207 

»(7)-0(7A) 

1.249(8) 

1.181(8) 

1.215 

»(7)-0(7B) 

1.182(8) 

1.216(8) 

1.199 

N(8)-0(8a) 

1.180(3) 

1.252(8) 

1.216 

5(8)-0(8b) 

1.210(8) 

1.233(8) 

1.222 

Bond  Angles  (deg.) 

C(2)-N(l)-C(5) 

109.2(6) 

108.3(6) 

108.8 

N(l)-C(2)-C(3) 

108.7(6) 

108.9(6) 

108.8 

C(2)-C(3)-C(U) 

106.7(6) 

104.4(6) 

105.6 

C(3)-C(U)-C(5) 

108.3(6) 

109.0(6) 

108.7 

C(U)-C(5)-N(1) 

106.5(7) 

108.8(7) 

107.7 

If  ( 1 )  — C  ( 2 )  — N  ( 6 ) 

119.4(6) 

124.3(6) 

121.8 

C(3)-C(2)-If(6) 

131.8(6) 

126.8(6) 

129.3 

C(2)-C(3)-H(7) 

124.9(6) 

127.1(6) 

126.0 

C(U)-C(3)-S(7) 

123.4(6) 

128.2(6) 

128.3 

C(3)-C(4)-Jf(8) 

127.5(6) 

125.7(7) 

126.6 

C(5)-C(4)-R(8) 

124.0(6) 

125.0(7) 

124.5 

C(2)-N(6)-0(6a) 

121.7(6) 

115.6(6) 

118.7 

c(2)-n(6)-o(6b) 

115.5(6) 

117.7(6) 

116.6 

C(3)-N(7)-0(7A) 

116.7(6) 

119.2(5) 

117.9 

C(3)-N(7)-0(7B) 

121.0(6) 

113.3(5) 

117.2 

C(4)-S(8)-0(8a) 

119.2(6) 

117.2(6) 

118.  C 

C(4)-N(8)-0(3b) 

117.6(6) 

117.8(6) 

r.r.  7 

0(6a)-B(6)-o(6b) 

122.8(6) 

126.7(7) 

124.8 

0(7A)-N(7)-0(7B) 

122.4(6) 

127.5(6) 

124.9 

0(8a)-N(8)-0(8b) 

123.1(6) 

124.9(6) 

124.0 
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Table  (6).  3ond  distances  A  and  angles  for  1,3, 5-Trinit roso-1 , 3 , 5-triazacyelohexane 


S(l)-C(2)  1.428(3) 
S(l)-C(6)  1.460(3) 
»<l)-»(7)  1.333(3) 
C(2)-2f(3)  1.U31CU) 
»(3)-C(4)  1.444(4) 
S(3)-S(9)  1.352(U) 
C(4)-S(5)  1.444(5) 
5(5)-C(6)  1.449(4) 

Bond  Angles 

C(2)-ff(i)-C(6)  117. 7(2) 
C(2)-5f(l)-C(7)  124.1(2) 
C(6)-2f(l)-5(7)  124.1(2) 
W(l)-C(2)-N(3)  109. C(2) 
C(2)-I(3)-C(4)  116.8(2) 
C(2)-Jf(3)-ar(9)  116.7(2) 
C(4)-If(3)-S(9)  125.6(2) 
5(3)-C(4)-S(5)  108.5(2) 
0(4)-ir(5)-c(6)  117.6(3) 
C(4)-ir(5)-N(ll)  133.9(3) 
C(4)-jr(5)-s(iiA)  98.1(5) 


S(5>-S(ll)  1.367(14) 

S(5)-»(1U)  1.357(11) 

3f(5)-U(llB)  1.382(13) 

N(7)-0(8)  1.179(4) 

S(9)-0(10)  1.209(4) 

B(ll)-0(12)  1.207(13) 

B(m)-0(12A)  1.211(14) 

N(113)-0(123)  1.211(29) 


C(4)-5(5)-»(UB)  135.8(9) 
C(6)-sr(5)-»(ll)  107.5(7) 
C(6)-U(5)-B(11A)  144.2(5) 
C  ( 6 )  — JT  ( 5 )  — ( 113 )  105.9(9) 
K(i)-C(6)-H(5)  106.7(2) 
ir(l)-N(7)-0(8)  115.6(3) 
H(3MT(9)-0(10)  113.4(3) 
S(5>~«N(U)-0(12)  107.3(14) 
3(5)-»(11A)-0(12a)  105.6(10) 
H(5)-N(113)-0(123)  108.1(13) 
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Table  (7).  Bond  distances  (A)  and  valence  angles  for  3,3-3is 
(methylnltroaminomethyl)  oxetane  with  e.s.d. fs  in 
parentheses 

Bond  Lengths  (A) 


0(l)-C(2) 

1.443(3) 

0(1)-C(4) 

1.431(3) 

C(2)-C(3) 

1.531(3) 

C(3)-C(4)  ■ 

1.542(3) 

C(3)-C(5) 

1.515(2) 

C(3)-C(6)  . 

1.525(2) 

C(5)-N(7) 

1.462(2) 

C(6)-K(12) 

1.456(2) 

N(T)-C(8) 

1.447(2) 

N(7)-H(9) 

1.336(2) 

N(9)-0(10) 

1.231(2) 

S(9)-0(ll) 

1.228(2) 

N(l2)-C(l3) 

l.U52(3) 

H(l2)-N(l4) 

1.336(2) 

K(l4)-0(l5) 

1.235(3) 

N(l4)-6(l6) 

1.223(3) 

Bond  Angles  (deg.) 

c(2)-0(l)-c(4) 

90.8(2) 

0(1)-C(2)-C(3) 

91.0(2) 

C(2)-C(3)-C(4) 

83.5(1) 

C(2)-C(3)-C(5) 

119.9(2) 

C(4)-C(3)-C(5) 

118*3(1) 

C(2)-C(3)-C(6) 

109.3(1) 

C(4)-C(3)-C(6) 

113.  Ml) 

C(5)-C(3)-C(6) 

110.1(1) 

0  ( 1 )  — C  ( U )  — C  ( 3 ) 

90.9(2) 

C(3)-C(5)-H(7) 

115.0(1) 

C(3)-C(6)-S(12) 

ll4.8(l) 

C(5)-H(7)-C(8) 

121.2(1) 

C(5)-N(7)-B(9) 

117.3(1) 

C(8)-S(7)-N(9) 

116.8(1) 

If(7)-H(9)-0(10) 

0(10)-U(9)-0(11) 

118.1(2) 

»(7)-N(9)-0(ll) 

117.9(1) 

123.9(2) 

C(6)-S(12)-C(13) 

122.2(2) 

C(6)-»(l2)-N(l4) 

120.2(2) 

C  ( 13 )'— If  ( 12 )  -N  ( 14 ) 

115.9(2) 

R(12)-R(i4)-0(15) 

0(l5)-N(l4)-0(l6) 

117.8(2) 

124.3(2) 

»(12)-R(l4)(-0(16) 

117.9(2) 

Torsion  Angles  (deg.) 

C(2)-C(3)-C(5)-N(7) 

-43.8(2) 

c(5)-s(7)-tr(9)-o(io) 

-17.6(2) 

C(6)-C(3)-C(5)-S(7) 

-171.9(1) 

C(6)-N(l2)-JS(l4)-0(l6) 

7.5(2) 

C(U)-C(3)-C(6)-N(12) 

83.1(2) 

C(3)-C(6)-N(12)-C(13) 

94.2(2) 

C(5)-C(.3)-C(6)-N(12) 

-52.0(2) 

C(3)-C(5)-NfJ)-C(8) 

-105.2(2) 
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Table  (8).  Bond  distances  (A)  and  valence  angles  for 

3 ,3-Bis ( nit  rat  amethyl ) oxetane  vith  e.s.d.'s  in  parentheses 


Bond  Lengths  (A) 


0(1)-C(2) 
C(2)-C(3) 
C(3)-C(4) 
C(4)-C( 5) 
0(5)-S(6) 

■(6)-0(7) 

H(6)-0(8) 


1.437(2) 

1.532(2) 

1.514(3) 

1.454(2) 

1.386(3) 

1.181(3) 

1.196(2). 


Torsion  Angles  (deg.) 

C(4)-C(3)-C(2)-0(l)  113.0(2) 
C(2)-C(3)-C(4)-0(5)  62.3(2) 
If(6)-0(5)-C(4)-C(3)  172.7(2) 


Bond  Angles  (deg.) 

C(2)-0(l)-C(2)* 

0(1)-C(2)-C(3) 

C(2)-C(3)-C(2)* 

C(2)-C(3)-C(4) 

C(4)-C(3)-C(4)' 

C(3)-C(4)-0(5) 

C(4)-0(5)-5(6) 

0(5)-S(6)-0(7) 

0(5)-H(6)-0(3) 

0(7)-H(6)-0(8) 

C(4)-0(5)-3(6)-C(7) 

C(4)-0(5)-H(6)-0(8) 


Table  (9).  Bond  distances  (A)  and  valence  angles  (deg.)  for 
3-Methoxy-2 ,4- dinitro-2 ,4-diazapentane. 

Bond  Lengths  (A) 


91.6(2) 

91.9(2) 

34.5(2) 

115.9(1) 

112.0(2) 

104.2(1) 

113.7(1) 

119.6(2) 

111.2(2) 

129.2(3) 

-0.1(3) 

179.6(3) 


C(l)-B(  2) 

1.451(3) 

B(2)-C(  3) 

,  1.466(2) 

N ( 2 ) -5 (  6)  , 

1.350(3) 

C(3)-N(  4) 

1.446(2) 

C(3)-0(  8) 

1.385(2) 

B(4)-C(  5) 

1.446(2) 

S(4)-JT(  7) 

1.356(2) 

H(6)-C(6a) 

1.223(2) 

H(6)-0(6b) 

1.223(2) 

W(7)-0(7B) 

1.221(2) 

B(7)-0(7A) 

1.225(2) 

0(8)-C(  9) 

1.440(2) 

Bond  Angles  (de*.) 

C(  1)-S(2)-C(  3) 

125.2(2) 

C(  l)-B(2)-3(  6) 

117.9(2) 

C(.  3)-N(2)-N(  6) 

116.9(1) 

N(  2)-C(3)-n(  4) 

110.8(1) 

N(  2)-C(3)-0(  3) 

109.3(1) 

N(  4)-C(3)-0(  3) 

107.2(1) 

C(  3)-N(4)-C(  5) 

122.4(1) 

C(  3)-H(4)-»(  7) 

118.] (1) 

C(  5)-N(4)-S(  7) 

118.8(1) 

u(  2)  it(6)-o(6a) 

113.1(2) 

I»(  2)-N(6)-0(6B) 

117.2(1) 

0(6a)-n(6)-o(6b) 

124.7(2) 

H(  4)-H(7)-0(7B) 

,119.6(1)' 

3(  4)-N(7)-0(7A) 

116.7(1) 

0(73)-5(7)-O(7A) 

124.7(1) 

C(  3)-0(8)-C(  9) 

112.3(1) 

Torsion  Angles 

C(l,)-S(2)-C(3)-S(  4) 
C(l)-S(2)-C(3)-0(  3) 
S(6)-S(2)-C(3)-N(  4) 
5(6)-IT(2)-C(3)-0(  8) 
C(1)-H(2)-»(6)-0(6a) 
C(1)-N(2)-N(6)-0(6b) 
C(3)-S(2)-N(6)-0(6a) 
C(3)-S(2)-N(6)-0(63) 
N(2)-C(3)-N(4)-C(  5) 


93.4(2)  B(2)-C(3)-H(4)-!T(  7)  117.4(2) 

-24.5(2)  0(3)-C(3)-N(4)-C(  5)  66.2(2) 

-35.6(2)  0(8)-C(3)-N(4)-N(  7)  -123.4(2) 

156.4(2)  N(2)-C(3)-0(S)-C(  9)  -73.4(l) 

-177.2(1)  !T(4)-c(3)-0(3)-C(  9)  l6l.5(l) 

3.2(2)  C(3)-N(4)-N(7)-0(7B)  15-1(3) 

2.0(2)  C(3)-t»(4)-H(7)-0(7A)  -165.8(2) 

-177.7(1)  C(5)-N(4)-rr(7)-0(73)  -174.2(2) 

-52.9(2)  C(5)-H(4)-N(7)-0(7A)  4.9(3) 
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Table  (10).  Bond  distances  (A)  and  valence  angles  (deg.)  for  tri- 
benzyltriazavurtzitane  vith  e.s.d.'s  in  parentheses 


Bond  Distances 

JA) 

B(l)-C(2) 

1.11*63(2) 

C(8)-C(9) 

1.515(3) 

»(l)-C(6) 

1.1*71(2) 

C(9)-C(10) 

1.523(3) 

C(2)-N(3) 

1.1*66(2) 

C(lO)-C(ll) 

1.528(3) 

C(2)-C(9) 

1.563(3) 

c(n)-c(i2) 

1.525(3) 

H(3)-C(4) 

1.1*67(2) 

N(1)-C(7A) 

l.UU9(2) 

C(4)-R(5) 

1.1*59(2) 

5(3)-C(73) 

1.1*  1+8(2) 

C(4)-C(ll) 

1.568(3) 

S(5)-C(7C) 

1.1*53(2) 

N(5)-C(6) 

1.1*69(2) 

C(7A)-C(U) 

1.515(3) 

C(6)-C(7) 

1.566(3) 

C(7B)-C(lB) 

1.505(3) 

C(7)-C(8) 

1.530(3) 

C(7C)-C(1C) 

1.557(3) 

C(7)-C(12) 

1.516(3) 

C(7C')-C(lC') 

1.I+1M6) 

C(l)-C(2) 

1.381(3) 

1.369(3) 

Benzene 

C(l)-C(6) 

1.381(3) 

1.378(3) 

ring 

C(2)-C(3) 

•ing  A  1.373(3)  Ring  B 

1.387(U) 

distances 

C(3)-C(l*) 

1.368(1*) 

1.383(5) 

C(l*)-C(5) 

1.367(1*) 

1.355(5) 

C(5)-C(6) 

1.392(1*) 

1.371(4) 

*  Rings  C  and  C'  fixed  at  C-C  1.395  and  C-C-C  *  120*. 


Bond  Angles  (deg.) 


C(2)-R(l)-C(  6) 

108.4(1) 

N( 

5 )— C(  6)-C( 

7) 

107.5(1) 

C(2)-N(l)-C(7A) 

113.6(1) 

C(  6)-c(  7)-C( 

8) 

110.0(1) 

C(6)-R(1)-C(7A) 

116.8(1) 

C(  6)-C(  7 )-C( 

12) 

110.0(2) 

N(l)-C(2)-R(  3) 

108.2(1) 

C(  8)-C(  9)-C( 

12) 

108.7(2) 

N(l)-C(2)-C(  9) 

108.1(1) 

C(  7)-C(  8)-C( 

9) 

107.5(2) 

H(3)-C(2)-C(  9) 

114.6(1) 

c( 

2)-C(  9)-C( 

8) 

110.0(2) 

C(2)-H(3)-C(  4) 

108.8(1) 

c( 

2)-C(  9)-C( 

10) 

109.7(2) 

C(2)-N(3)-C(7B) 

118.8(1) 

c( 

8)-C(  9)-C( 

10) 

109.0(2) 

C(4)-H(3)-C(7B) 

117.7(1) 

c( 

9)-C(lO)-C( 

11) 

107.3(2) 

R(3)-C(4)-N(  5) 

109.1(1) 

c( 

4)-C(ll)-C( 

10) 

110.6(2) 

N(3)-C(4)-C(ll) 

113.4(1) 

C(  4)-C(ll)-C( 

12) 

109.4(2) 

R(5)-C(4)-C(11) 

108.1(1) 

C(10)-C(11)-C( 

12) 

108.7(2) 

C(4)-R(5)-C(  6) 

108.3(1) 

c( 

7 )-C(l2)-C( 

11) 

107.6(2) 

C(4)-R(5)-C(7C) 

113.7(1) 

N( 

1)-C(7A)-C( 

1A) 

111.7(1) 

C(6)-R(5)~C(7C) 

116.5(1) 

w( 

3)-C(7B)-C( 

IB) 

113.1(2) 

r(i)-c(6)-n(  5) 

115.3(1) 

R( 

5)-C(7C)-C( 

1C) 

108.1(2) 

H(l)-C(6)-C(  7) 

107.7(1) 

s( 

5)-C(7C)-C(lC’) 

121.9(3) 
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Table  (ll).  Bond  distances  (A)  and  valence  angles  for  3-Cyano-4  ,4,5,5- 
tetraaethylisoxazoline-fl-oxide  vith  e.s.d.’s  in  parentheses 

Bond  distances  (A) 


0(l)-3(2) 

1.390(15) 

C(4)-C(5) 

1.532(16) 

0(1)-C(5) 

1.511(15) 

C(4)-C(7) 

1.552(16) 

»(2)-C(3) 

1.302(18) 

C(4)-C(8) 

1.520(14) 

W(2)-0(6) 

1.238(15) 

C(5)-C(9) 

1.480(19) 

C(3)-C(4) 

1.511(17) 

C(5)-C(10) 

1.539(16) 

C(3)-C(ll) 

1.416(20) 

C(ll)-S(12) 

1.148(21) 

Bond  Angles  (deg.) 

■ 

B(2)-0(l)-C(5) 

105.4(9) 

C(5)-C(4)-C(7) 

111.4(8) 

0(1)-S(2)-C(3) 

111.5(11) 

C(5)-C(4)-C(8) 

1x4. 9(9) 

o(i)-ir(2)-o(6) 

117.8(10) 

C(7)-C(4)-C(3) 

109.9(9) 

C(3)-S(2)-0(6) 

130.7(12) 

0(4)-C(5)-0(1) 

103.0(11) 

»(2)-C(3)-C(4) 

112.1(11) 

C(4)-C(5)-C(9) 

116.6(10) 

ff(2)-C(3)-C(li) 

120.4(13) 

C(4)-C(5)-C(10) 

117.1(11) 

C(U)-C(3)-C(11) 

127.2(11) 

0(1)-C(5)-C(9) 

104.3(10) 

C(3)-C(U)-C(5) 

98.9(9) 

0(1)-C(5)-C(10) 

102.7(9) 

C(3)-C(4)-C(7) 

112.0(9) 

C(9)-C(5)-C(10) 

110.7(12) 

C(3)-C(4)-C(8) 

109.3(7) 

C( 3 )-C( ll)-N ( 12) 

179.0(15) 

Table  (12).  Bond 

distances 

(A)  and  valence  angles  for  5- 

-aza- 

6-methoxyuracile  with  e.a.d. 's  in  parentheses 

3ond  Distance  (/ ) 

If  ( 1 ) — C  C  2 

1.352(4) 

C(4)-*r(5) 

1.350(5) 

U(l)-C(6) 

1.435(5) 

C(4)-0(4) 

1.277(5) 

c(2)-rr(3) 

1.366(5) 

N(5)-C(6) 

1.424(5) 

C(2)-0(2) 

1.225(3) 

C(6)-0(6) 

1.428(4) 

!f(3)-C(U) 

1.374(4) 

0(6)-c(7 ) 

1.445(3) 

Bond  Angles  (deg.) 

C(2)-!f(l)-C(6) 

121.7(3) 

0(4)-C(4)-B(5) 

124.1(3) 

B(l)-C(2)-If(3) 

115.1(2) 

C(4)-!T(5)-C(6) 

122.4(3)  •  - 

B(l)fC(2)-0(2) 

122.1(3) 

5(i)-c(6)-;i(5) 

109.4(3) 

0(2)-C(2)-3(3) 

122.7(3) 

N(l)-C(6)-0(o) 

107.1(3) 

C  ( 2 )  —If  ( 3 )  — C  ( U } 

125.2(3) 

B(5)-C(6)-0(6) 

112.4(3) 

h(3)-c(4)-ji(5) 

114.5(3) 

C(6)-0(6)-C(7) 

113.8(2) 

5(3)-C(4)-0(4) 

121.4(3) 

Torsion  Angles 

5(l)-C(6)-U(5)-C(4) 

-36.5(4) 

0(2)-C(2)-B(3)-C(4) 

167.4(3) 

0(6)-C(6)-IT(5)-C(4) 

82.4(3) 

C(2)-B(3)-C(4)-B(5)  , 

11.0(5) 

N(5)-C(6)-0(6)-C(7) 

69.4(3) 

N(3)-C(4)-fl(6)-C(6) 

15.5(4) 

C(6)-fr(l)-C(2)-N(3) 

-13.9(5) 

Table  (13).  Bond  distances  (A)  and  valence  angles  (deg.)  for 

N- ( 4-aaino-l ,  2 , 5- tr iazolo ) -N * -methoxy-t r ichloroacetamidine 
vith  e.s.d.'s  in  parentheses 


Bonds  Distances  (A) 


0(l)-S(2) 

1.382(3) 

C(7)-C(ll) 

1.525(5) 

0(1)-H(5) 

1.402(3) 

C(8)— 0(9) 

1.396(4) 

N(2)-C(3) 

1.301(4) 

0(9)-C(l0) 

1.411(5) 

C(3)-C(4) 

■1.435(4) 

C(11)-CL(1) 

1.766(3) 

C(3)-B(6) 

1.377(4) 

C(11)-CL(2) 

1.768(3) 

C(U)-N(5) 

1.306(4) 

C(11)-CL(3) 

1.752(3) 

C(4)-H(l2) 

1.360(4) 

H(6)-C(7) 

i.3c; (U) 

C(7)-B(8) 

1.273(4) 

Bond  Angles  (deg.) 

S(5)-0(l)-B(2) 

110.2(2) 

C(7)-B(8)-0(9) 

110.8(2) 

0(1)-H(2)-C(3) 

106.1(2) 

!f(S)-C(9)-C(l0) 

110.6(3) 

H(2)-C(3)-C(4) 

109.4(3) 

C(7)-C(ll)-CL(l) 

110.2(2) 

W(2)-C(3)-’T(6) 

121.6(2) 

C(7)-C(11)-CL(2) 

108.5(2) 

C(4)-C(3)-N(6) 

128.7(3) 

C(7)-C(11)-CL(3) 

111.7(3) 

C(3)-C(U)-N(5) 

108.7(2) 

CL(l)-C(lJ-CL(2) 

108.7(2) 

C(3)-C(U)-H(12) 

128.1(3) 

CL(2)-C(11)-CL(3) 

109.1(2) 

B(5)-C(U)-IT(12) 

123.1(3) 

CL(3)-C(ll)-CL(l) 

108.4(2) 

C(4)-H(5)-0(l) 

105.7(2) 

C(3)-N(6)-C(7) 

124.3(3) 

B(6)-C(7 )— N(8 ) 

127.6(3) 

5(6)-C(7)-C(ll) 

115.0(3) 

N(3)-C(7)-C(ll) 

117.2(3) 

Torsion  Angles 

0(l)-N(2)-C(3)-!r(6) 

172.7(3) 

C(3)-N(6)-C(7)-C(ll) 

147.1(3) 

C(7)-H(6)-C(3)-C(4) 

-44.0(5) 

N(6)-C(7)-N(8)-0(9) 

-5.2(4) 

C(3)-B(6)-C(7)-5(S) 

-29.0(5) 

C(ll)-C(7)-N(8)-0(9) 

178.8(2) 
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